INTRODUCTION
Improved survival rates among premature infants have resulted in increases in the incidence of retinopathy of prematurity (ROP) and consequently a growing number of cases are requiring laser photocoagulation. A quiet and immobile patient is necessary if treatment is to be successful. However, the sedation or analgesia of preterm infants remain a great challenge for paediatric anaesthetists, especially when cardiorespiratory instability is also considered. The oculocardiac reflex is well developed in all infants and premature infants tend to be more vulnerable than their full term counterparts to Strengths and limitations of this study ▪ This study was conducted in a relatively large population involving retinopathy of prematurity treatment, and the results demonstrated the difference in cardiorespiratory instability associated with a variety of anaesthesia protocols in preterm infants. ▪ Our study results add to a growing body of data that confirm the association between topical anaesthesia and postoperative events in laser therapy. Topical anaesthesia is the major anaesthesia module in developing countries; however, the potential side effects induced by topical anaesthesia are often underestimated. ▪ Our analyses of data from one of the largest study samples to date show acceptable pain control by fentanyl sedation in the setting of laser treatment for preterm infants, showing a similar cardiorespiratory score compared to general anaesthesia. ▪ Our study had a number of limitations. The retrospective nature of our investigation did not allow us to determine causality of postoperative cardiorespiratory instability. There are, however, a number of biologically plausible aetiologies. Lastly, Neonatal Pain Agitation and Sedation Scale scores are not available for all three anaesthesia groups (topical, fentanyl, general), thus it is not possible to comment on any difference in pain control.
stressful procedures. 1 Accumulating publications have revealed the systemic complications associated with ROP screening and treatment in preterm infants. 2 3 Nevertheless, little has yet been discussed as to which anaesthetic technique best minimises these complications while maximising benefits. Thus, there is an urgent need to evaluate the differential outcomes across multiple anaesthesia modalities for these high risk infants. In Guangdong Women and Children's hospital, there has been a change of anaesthesia practices for ROP treatment from topical anaesthesia to general anaesthesia and, afterwards, to intravenous fentanyl sedation plus mechanical ventilation. The aim of this consecutive, non-randomised, observational study was to assess the efficacy and complications of laser treatment under different anaesthesia techniques. The Neonatal Pain Agitation and Sedation Scale (N-PASS) was also used to evaluate the tolerance of fentanyl sedation.
SUBJECTS AND METHODS
Cardiorespiratory conditions in infants undergoing retinal laser photocoagulation of threshold ROP over 1 year and 6 months to 2014 were collected from the neonatal intensive care unit (NICU) medical records and retrospectively evaluated. Operative data were recorded prospectively. Written informed parental consent for ROP screening and treatment were obtained for all infants. The ROP screening protocol and laser treatment criteria met the current national and early treatment for ROP guideline. 4 5 The subjects were divided into three independent groups according to the anaesthesia strategies. Group A comprised infants receiving topical proxymetacaine anaesthesia. Group B comprised infants treated with intravenous fentanyl sedation. Fentanyl was administered at a dose of 2 µg/kg and was intravenously delivered by a pump over 20 min before treatment and continuously infused at a rate of 2 µg/kg/hour during treatment. Group C consisted of babies under general anaesthesia using halothane inhalation and muscle relaxation in the operating theatre. Infants in groups B and C were intubated and mechanically ventilated using intermittent positive pressure ventilation mode unless a higher level of ventilation support had been applied before the operation. The baby was swaddled and put on a radiant warmer. A pacifier was used if accepted. Assistants were present to maintain the position of each baby's head. Apnoeic or bradycardia episodes were eliminated with stimulations delivered by neonatal nurses or assistants on site.
The total study population was heterogeneous in terms of overall cardiorespiratory conditions and other pathologic situations. Respiratory support methods, respiratory rate and heart rate, transcutaneous oxygen saturation and other information had been recorded bi-hourly in the NICU monitoring chart and the recording frequency was increased to every half an hour during laser treatment and 2 hours afterwards. This approach enabled us to explore the cardiorespiratory index (CRI) and make the comparison in terms of cardiorespiratory stability between different anaesthesia modalities. The CRI was designed by Haigh and became a widely acceptable scoring method to show changes in the overall systemic status of infants on a day-to-day basis. 6 Descriptions of the CRI system are shown in table 1. A score >1 indicates decreased stability and a score <1 indicates increased stability.
In our NICU policy, an apnoea spell was defined as no respiratory activity for a period of 20 s or more. Bradycardia was defined as a heart rate of 90 beats/min or less. In most cases, the ventilation support after extubating remained at the same level as it was before laser treatment for at least 24 hours unless indicated by the attending neonatologist. An upgrade in ventilation mode was described as a major instability. An example of such an upgrade would be an infant going from being selfventilated in air to requiring nasal cannula oxygen or continuous positive airway pressure (CPAP) due to desaturation, an apnoea or bradycardia episode, etc.
N-PASS scores were obtained in the infants in group B, who underwent intravenous fentanyl sedation every 20 min, administered by the same attending neonatologist. The N-PASS score includes physiological and behavioural indicators ranging from 0 to 10 and reflects neonatal pain and agitation, as shown in table 2. As for preterm infants, this system adjusts the pain score in order to approximate the response of term infants by adding points to the calculated result on the basis of gestational age. All treatments were carried out by the same experienced ophthalmologist specialised in ROP. Pupils were dilated with topical tropicamide eye drops (0.5% tropicamide and 0.5% phenylephrine) three times before the examination at an interval of 20 min. Treated eyes received steroid/antibiotic drops (tobramycin eye drops, 0.3% tobramycin/0.1% dexamethasone) for 3 days after photocoagulation. After the local anaesthesia drops ( proxymetacaine 0.5%) were administered 5 min before and immediately before the treatment, a sauer infant lid speculum was inserted and the retina was visualised using a 30 dioptre lens and an indirect ophthalmoscope. Photocoagulation was performed using the binocular indirect diode laser (Vitra multispot laser, Quantel Medical, France). When necessary, a Flynn indenter was used to visualise the peripheral avascular retina. A sterile gauze square was temporarily placed over the eye not undergoing treatment at that time.
The ethics committee of Guangdong Province Women and Children's Hospital waived and approved this study as it was an observational and audit study.
STATISTICAL ANALYSIS
One way and repeated measures analysis of variance (ANOVA) was used to analyse the CRI in the three treatment groups. Mann-Whitney U-tests were used to compare the parameters between different anaesthesia groups. A value of p≤0.05 was considered to be significant. Spearman rank-order correlation coefficient was performed regarding N-PASS and other treatment variables in the fentanyl analgesia group.
RESULTS

Cohort
Laser treatments were performed in a total of 97 premature neonates between July 2013 and December 2014. Among the subjects, 31 (31.9%) infants were under topical eye drops anaesthesia; 47 (48.5%) infants were under fentanyl intravenous infusion and incubation by a neonatologist in the neonatal care unit, which comprised the great majority of the subjects; and 19 (19.6%) infants received general anaesthesia administered by a paediatric anaesthetist in the operating theatre. There was no significant group difference for gestational age, birth weight, postpartum age or weight at treatment and number of laser burns for each eye, as shown in table 3. Notably, ophthalmologists needed 12-16 min more (Mann-Whitney's U test, p=0.03) to complete the procedure compared to fentanyl or general anaesthesia. The secular trend within group analysis indicated no significant effect on time required to complete the treatment due to accumulating experience of the surgeon.
ROP treatment efficacy
The power of laser burns was 230-520 mW and the duration of burns was 200-300 ms. The pain score is adjusted in premature infants according to gestational age categories: add 3 to infants <28 weeks; add 2 to infants 28-31 weeks; add 1 to infants 32-35 weeks. BP, blood pressure; HR, heart rate; RR, respiratory rate; SaO 2 , arterial oxygen saturation.
In 94 (96.9%) cases where planned doses of laser burns were delivered, vascular proliferation regressed without any further treatment. Two cases progressed to stage 4b ROP and were transferred to obtain vitreolensectomy. Eleven (11.3%) cases needed a second treatment because of proliferation progression, and another four (4.1%) cases received a total of three photocoagulations. Intravitreal bevacizumab therapy were applied to eight (8.24%) infants.
CRI and complications
The mean CRIs indicating cardiorespiratory stability were plotted pre-and postoperatively on a day-to-day basis (figure 1). While good baseline stability was obtained in each group, topical anaesthesia showed greatest instability in each consecutive day after laser treatment ( p<0.05). Scores in groups B and C showed no difference postoperatively. Specifically, 10 out of 31 infants (32.25%) in group A showed mild instability, eight (25.8%) infants showed marked instability during the first 3 days after laser treatment, and four (12.90%) infants suffered from life threatening respiratory distress or hypoxia requiring resuscitation. Among the four infants who underwent resuscitation, three were intubated and mechanically ventilated for more than 48 hours and one infant failed to survive 4 days later because of fatal pneumorrhagia. Laser treatment was terminated and rescheduled in those four infants after resuscitation. Another four (12.9%) infants in group A developed apnoea, bradycardia or deceased cutaneous oxygen saturation in response to bag and mask oxygen during the treatment. Eight (17.02%) infants under fentanyl sedation and incubation showed mild instability. Two (4.2%) infants showed marked instability which was attributed to difficulties extubating within 24 hours after the procedure, and were maintained on mechanical ventilation for 2-3 days following intubation. The same situation occurred in two (10.5%) infants in group C, who were maintained on mechanical ventilation for another 1-2 days. The rest of the infants in groups B and C were extubated successfully within 8 hours after the elective intubation.
Excessive head movement increased in infants under topical anaesthesia. If the severity of the head movement rendered the treatment unachievable or it was determined that the infant was unable to tolerate the treatment, the treatment was paused, the infants were settled by re-swaddling, they were administered an oral dose of 25% glucose, and the supplemental oxygen concentration was increased. A second dose of proxymetacaine was given before resuming laser treatment. The surgeon reduced the laser power to the minimum effective power afterwards, to minimise discomfort. Despite head movement complications, all such treatments were eventually completed successfully.
Pain scores
The tolerability of laser treatment was evaluated using N-PASS. In our survey, N-PASS was applied in 47 infants under fentanyl sedation. There was no statistically significant correlation between the mean pain score and postpartum age at treatment, duration of laser treatment, or number of laser burns. The mean baseline pain score obtained before treatment was 0.2 (SD 0.8; range −1-2). During laser therapy, there was a slightly increased mean pain score up to 1.8 (SD 1.1; range 1-4.6).
DISCUSSION
In 1993, a nationwide study targeting 118 NICUs in Britain indicated that treatment of ROP was subjected to large regional variation in terms of anaesthetic support. 7 More than two decades after, the situation had not changed much. 8 Though it is well established through many studies that premature infants perceive painful stimuli and that ROP screening is a necessary but recognisably painful procedure, there are still no specific guidelines as to which type of anaesthesia is preferable to others. 9 This lack of knowledge is especially problematic in low and middle income (developing) countries with limited health resources, where even normative ROP screening is still challenging in some places. These populations have higher threshold ROP morbidity [10] [11] [12] and thus laser treatment is most critical, yet there are fewer resources available to address the issue. Hospitals in low and middle income countries often require the transfer of cases of prematurity with threshold ROP to tertiary hospitals to receive timely laser treatment. Therefore, safe and applicable laser treatment anaesthesia manipulation is of great importance to ensure that each case receives the optimal intervention.
In Guangdong Women and Children's hospital, prompted by neonatologists' feedback regarding infant stress, systemic complications, and practical operation considerations, the anaesthesia practice during laser treatment was changed from topical anaesthesia to general anaesthesia and, most recently, to intravenous analgesia and artificial ventilation. With a CRI scoring system, our research team was able to undertake comparisons of postoperative systemic outcomes. As demonstrated here, the variation in terms of the infants' medical situation occurred within groups rather than between groups. No infant showed instability at the time of laser treatment. However, despite all infants receiving the same postoperative management, systemic complications arose in some cases immediately after starting surgery and lasted as long as 4 days after surgery, indicating that the complications were associated with laser therapy.
Laser treatment has become the predominant modality for the management of threshold ROP. This involves manipulation of the globe in the form of lid retraction and scleral indentation. The bright light and retinal burn are stated as painful even for adults, let alone infants, regardless of whether or not a topical anaesthetic has been administered. 13 14 In 1997, using CRI, Haigh and colleagues illustrated that topical anaesthesia alone was associated with more severe cardiorespiratory complications during and after ROP surgery. 6 Since then, a few small sample surveys have been conducted, resulting in the conclusion that topical anaesthesia alone might not adequately accommodate infants. 15 16 On the other hand, it was thought that sight-threatening foveal burns may occur because ocular akinesia cannot be induced by topical anaesthesia. Although there was more expertise available for paediatric general anaesthesia, the multiple unaddressed issues associated with its use left topical anaesthesia to be the preferred option in most neonatal care units in China and other low and middle income countries due to its easy access.
The present study showed that in addition to decreased systemic stability, the ophthalmologist needed 12-16 min more on average to complete the treatment under topical anaesthesia compared to fentanyl or general anaesthesia. In the case where the head movements persisted, it was more challenging to continue the surgery. Notably, prolonged treatment is speculated to be more painful for infants.
Several studies have been published in regards to various anaesthesia protocols in the treatment of ROP. A prospective study in which the postoperative course was examined showed no difference in safety parameters between fentanyl infusion and morphine, although complication rates suggested that fentanyl may be safer in terms of overall worsening of ventilation status and temperature instability. [17] [18] [19] In the present study, general anaesthesia and fentanyl sedation were well tolerated. In these two groups, no life-threatening events occurred. The instability was mainly attributed to delayed extubation: 4.2% of infants in the fentanyl group and 10.5% of infants in the general group needed to be maintained on mechanical ventilation for 1-2 days postoperatively. It is of note that most of the premature infants had been weaned off respiratory support by the time threshold ROP occurred. Having a fragile cardiorespiratory system made the episodes of bradycardia and apnoea more common when encountering a stressful event, such as laser treatment. Advanced ventilation diminished the bradycardia and apnoea spells, perhaps by protecting them from hypoxia. However, further efforts are needed to avoid prolonged periods of ventilation after treatment.
In consideration of an infant's poorly developed neurological capacity and resultant inability to present with behavioural or physiological signs of disturbance (eg, pain expression), N-PASS adjusts the score on the basis of gestational age, making it a reliable and internationally accepted method to evaluate the neonatal pain. [20] [21] [22] [23] Several studies reported that the N-PASS score was 7.5 during ROP screening under topical anaesthesia in premature infants, 3.9 during heel-stick, 2.7 during sub-tenon anaesthesia, or ranged from 4.75 to 7.11 after general surgery in term neonates. 20 24 25 Compared to these data, the score from our study of 1.8 for fentanyl analgesia indicates a relatively tolerable level of pain.
ROP screening is carried out in obstetric and general hospitals of all levels. In the cases where ROP treatments were carried out under general anaesthesia, infants had to be transferred to a higher level hospital with on-site paediatric anaesthesia. Such transfers are setbacks, giving rise to excessive financial and manpower costs. On the other hand, if fentanyl is used, laser treatment could be carried out everywhere, the patients would not need to be transferred back and forth, and thus financial and manpower costs could be minimised. In contrast, the portability of modern lasers has enabled treatment for ROP to be performed in NICUs, with the baby under the supportive care of a neonatologist. Therefore, fentanyl sedation has, in our experience, been sustainable and highly efficient. Not only is it related to a more stable cardiorespiratory condition during and after laser treatment, but it also affords more autonomy to the ophthalmologist in carrying out a timely intervention. More importantly, infants under fentanyl analgesia and mechanical ventilation displayed satisfactory N-PASS scores.
As this is a retrospective study, there are unresolved questions in terms of the optimal fentanyl dose to use, how to avoid possible oversedation and postoperative pain management or prolonged ventilation after treatment. 26 Another limitation of this study is the absence of N-PASS scores for patients under topical and general anaesthesia. These are issues which would need to be addressed by a prospective study.
In conclusion, our results indicate that topical anaesthesia is associated with more cardiorespiratory instability during and after laser treatment. General anaesthesia or intravenous fentanyl analgesia plus mechanical ventilation are safe anaesthesia modalities, while the latter provides satisfactory pain relief in prematurity. Fentanyl analgesia appears to be the most practical in terms of time and financial costs; with fentanyl anaesthesia, ophthalmologists could carry out 'day-case' surgery in rural or obstetric hospitals with a portable indirect ophthalmoscope-mounted diode laser.
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